The ampulla of Vater lies at the confluence of the pancreatic and biliary ducts. Ampullary epithelial neoplasms may have either pancreaticobiliary or intestinal-type morphology. Ninety percent of ampullary epithelial tumors are malignant (1, 2), and many arise from adenoma precursors. The invasive component of these neoplasms often disrupts the normal anatomy of the ampulla, making subtyping of ampullary carcinomas based on exact site of origin difficult. Ampullary carcinomas represent approximately 10% of cancers resected via the Whipple procedure (pancreaticoduodenectomy) (3). The peak age incidence is in the 8th decade, with men more commonly affected than women (1). The 5-year survival of patients with resected ampullary carcinoma is approximately 33-38% (4, 5), significantly better than the 10 -20% 5-year survival rate of patients with resected pancreatic ductal carcinoma (6 -9) Although some of this survival difference can be explained by earlier presentation and resectability of ampullary carcinomas, even ampullary carcinomas with lymph node metastases are associated with better survival than are node-negative pancreatic carcinomas (4), and patients with Stage I ampullary carcinoma tend to survive longer than do patients with Stage I pancreatic carcinoma (10).
The ampulla of Vater lies at the confluence of the pancreatic and biliary ducts. Ampullary epithelial neoplasms may have either pancreaticobiliary or intestinal-type morphology. Ninety percent of ampullary epithelial tumors are malignant (1, 2) , and many arise from adenoma precursors. The invasive component of these neoplasms often disrupts the normal anatomy of the ampulla, making subtyping of ampullary carcinomas based on exact site of origin difficult.
Ampullary carcinomas represent approximately 10% of cancers resected via the Whipple procedure (pancreaticoduodenectomy) (3). The peak age incidence is in the 8th decade, with men more commonly affected than women (1). The 5-year survival of patients with resected ampullary carcinoma is approximately 33-38% (4, 5) , significantly better than the 10 -20% 5-year survival rate of patients with resected pancreatic ductal carcinoma (6 -9) Although some of this survival difference can be explained by earlier presentation and resectability of ampullary carcinomas, even ampullary carcinomas with lymph node metastases are associated with better survival than are node-negative pancreatic carcinomas (4) , and patients with Stage I ampullary carcinoma tend to survive longer than do patients with Stage I pancreatic carcinoma (10) .
These data suggest that ampullary carcinomas are biologically different from pancreatic carcinomas.
DPC4 (MADH4, SMAD4), a tumor-suppressor gene located at 18q21.1, has been shown to mediate the effects of TGF-␤ superfamily signaling, resulting in downstream growth inhibition (11, 12) . The DPC4 gene is inactivated in approximately 55% of pancreatic adenocarcinomas (13) . Mutations in DPC4 also have been identified in other tumor types, including bladder (12-35%), lung (24 -65%), prostate (19 -45%) , and ovarian (27-67%) carcinomas, as previously reviewed (14) . Loss of Dpc4 has been shown in 10% of proximal and 55% of distal bile duct carcinomas (15) . Immunohistochemical labeling for the DPC4 gene product (Dpc4) has been shown to mirror the DPC4 genetic status of pancreatic adenocarcinomas, with complete loss of staining corresponding to genetic inactivation of the DPC4 gene (16, 17) .
Mutations in the K-ras oncogene have been detected in approximately 75-95% of pancreatic adenocarcinomas (18 -28) and in approximately 38% of ampullary carcinomas (4, 29 -36) . K-ras gene mutations also have been demonstrated in ampullary adenomas, even in areas of low-grade dysplasia. Additionally, there is a strong correlation (93%) between the K-ras gene mutations found in ampullary adenomas and their associated infiltrating carcinomas (29, 30) . These data suggest that K-ras gene mutations in ampullary carcinomas, when present, occur early in ampullary tumorigenesis.
The purpose of the present study was to define the role of Dpc4 inactivation and correlate it with K-ras gene status in a large series of wellcharacterized ampullary neoplasms.
MATERIAL AND METHODS

Specimen Selection
Patients undergoing partial pancreaticoduodenectomy (Whipple resections) or total pancreatectomy for carcinomas of the ampulla of Vater between the years of 1970 and 2000 were collected from the files of Johns Hopkins Hospital (JHH; n ϭ 80) and Memorial Sloan-Kettering Cancer Center (MSKCC; n ϭ 85). Clinical and pathological data were obtained from the patients' medical records and the surgical pathology files of JHH and MSKCC. These variables included age, gender, race, pathologic tumor stage, nodal or distant metastases, and survival.
Immunohistochemistry
The hematoxylin and eosin-stained slides from each of the 165 cases were screened by light microscopy, and sections having invasive ampullary carcinoma, associated adenoma with high-grade dysplasia (if present), and adjacent normal duodenum and pancreas (if possible) were selected for immunolabeling. Paraffin blocks were available from 140 of these cases. Unstained 4-m sections were then cut from selected paraffin blocks and deparaffinized by routine techniques. Next, slides were treated with 1ϫ sodium citrate buffer (diluted from 10ϫ heat-induced epitope retrieval buffer; Ventana-Bio Tek Solutions, Tucson, AZ) before steaming for 20 minutes and then incubating with a 1:100 dilution of monoclonal antibody to Dpc4 protein (clone B8, Santa Cruz Biotechnology, Santa Cruz, CA). Finally, anti-Dpc4 antibody was detected by adding secondary antibody, followed by avidin-biotin complex and 3,3'-diaminobenzidine chromagen. Sections were counterstained with hematoxylin. A section of each selected block was processed identically with omission of the primary antibody to serve as a negative control.
Histologic Evaluation
Hematoxylin and eosin-stained sections from each case were reviewed for histologic grade (using accepted criteria [4] , histologic type, and the presence of adenoma with or without high-grade dysplasia. Histologic types were recorded as "intestinal," "pancreaticobiliary," "colloid," and "other" (4). Intestinal-type tumors were composed of tall columnar, gland-forming epithelium with pseudostratified nuclei similar to adenocarcinomas of the large or small intestine. Pancreaticobiliary tumors were composed of low cuboidal epithelium similar to the case with adenocarcinomas of the common bile duct and pancreas. Colloid carcinomas were composed of nests of glandular epithelium surrounded by pools of mucin, similar to mucinous carcinomas of the breast, colon, and pancreas. At least 50% of the invasive carcinoma was mucinous in those tumors categorized as colloid carcinomas (4). Tumors with "other" histology included solid, sarcomatoid, papillary, and adenosquamous patterns, with the diagnoses based on published criteria (4).
In 140 cases, immunohistochemical labeling of Dpc4 was evaluated by four of the authors (DMM, PA, RHH, and DSK) at a multiheaded microscope, with agreement by consensus in all cases examined. The immunolabeling pattern of each carcinoma was scored as positive or negative (17) . Neoplasms scored as positive showed, in general, both nuclear and cytoplasmic labeling of the neoplastic epithelium. However, neoplasms with only nuclear Dpc4 labeling were also scored as positive. Neoplasms without detectable nuclear Dpc4 labeling were scored as negative. The adenomatous component of the neoplasm with high-grade dysplasia, if present, was also scored as positive or negative. Normal duodenum, pancreatic ducts, islets of Langerhans, pancreatic acini, lymphocytes, and stromal fibroblasts, all of which had moderate expression of the DPC4 gene product, served as a positive internal control in each of the sections.
K-ras Gene Analysis
The sequence of the K-ras oncogene had been previously determined in 85 of the cases (31) . These findings were correlated with the clinical and pathological findings.
Statistical Analysis
The major statistical endpoint of this study was survival. Event time distributions for this endpoint were estimated using the method of Kaplan and Meier (37) and compared using the log-rank statistic (38) or the proportional hazards regression model (39) . Factors tested for prognostic value included age at diagnosis, gender, Dpc4 labeling, race, nodal status, histology, grade, tumor diameter, stage, and K-ras gene mutations. In proportional hazards regression models, most variables were entered as categorical effects, and the hazard ratios for these factors reflect either their presence or their absence. Age was entered as a continuous effect, and the relative hazard reflects the risk of death per unit change in the value of the factor (age).
Factors associated with Dpc4 labeling were selected based on cross tabulations and logistic regression modeling. For statistical simplification, Dpc4 labeling was classified as negative and positive, with negative nuclear labeling considered negative. Cross tabulations were analyzed using 2 or Fisher's exact tests where appropriate. Logistic regression models (40) were used to determine the effects of multiple factors on Dpc4 labeling. Histology and K-ras gene mutations were also tested for associations with primary tumor stage (pT1 and pT2 versus pT3 and pT4) and with nodal status through logistic regression models and 2 analysis. All P values reported are two-sided. Computations were performed using the Statistical Analysis System (41) or EGRET (42) .
RESULTS
Clinicopathological Characteristics
Clinicopathologic characteristics of available data for the 165 patients with ampullary carcinomas are shown in Table 1 . The mean age of the patients was 65.5 Ϯ 12.1 years, including 90 men and 74 women; in five cases, the age was not available. Sixty-two tumors (86%) occurred in white patients, but data on the patients' race was available for only 72 cases.
Tumor Histology and Stage
Of the infiltrating carcinomas, 10/165 (6%) were well differentiated, 107/165 (65%) were moderately differentiated, and 48/165 (29%) were poorly differentiated. An associated ampullary adenoma with high-grade dysplasia was identified in 73 of 156 cases (47%). In 9 cases, we could not clearly distinguish between an adenoma with high-grade dysplasia and overgrowth of the epithelium by welldifferentiated infiltrating carcinoma. The most common histologic type was intestinal (94/165, 57%), followed by pancreaticobiliary (51/165, 31%) and colloid (12/165, 7% (4). These types are illustrated in Figure 1A -C. Eight carcinomas had "other" histology (as described above).
The most frequent tumor (T) stage at resection was pT3 (67/161, 42%), followed by pT2 (63/161, 39%) and pT1 (23/161, 14%). Only 8/161 patients had pT4 tumors (5%). Tumor stage was not recorded in three patients. Metastases to resected lymph nodes were identified in 87/164 (53%) patients. Lymph node status was not recorded in one case. The pancreaticobiliary type tended to be associated with more advanced tumor stage (pT3 and pT4), compared with colloid carcinoma (Table 2) ; however, this difference was not statistically significant (odds ratio, 3.1; 95% CI, 0.82-11.67; P ϭ .09). Additionally, the pancreaticobiliary type was associated with an increased risk of lymph node metastasis at the time of resection (odds ratio, 3.35; 95% CI, 1.60 -7.02; P ϭ .001), compared with intestinal cases (Table 3 ).
Dpc4 Expression
Thirty-four percent of the invasive ampullary carcinomas showed complete loss of Dpc4 labeling, whereas all of the associated adenomas with highgrade dysplasia labeled for Dpc4. In many cases, Dpc4-positive adenomas were seen superficial to Dpc4-negative infiltrating carcinomas. Focal loss of Dpc4 labeling was seen in 3/73 (4%) adenomas with high-grade dysplasia and in 7 infiltrating carcinomas (Fig. 1D) . Thirty-six percent of intestinal and 37% of pancreaticobiliary patterns showed loss of labeling for Dpc4 ( Fig. 1A-C ; P, n.s.), although carcinomas with colloid histology always labeled for Dpc4. Complete loss of Dpc4 expression was seen in 2 of 7 (29%) of carcinomas with "other" histology. One case with "other" histology was considered uninterpretable. Dpc4 labeling was not associated with tumor type, differentiation, lymph node status, or tumor stage.
Correlation of Dpc4 Expression with K-Ras Gene Analysis
As reported previously, activating point mutations in the K-ras gene were identified in 33 (39%) of the 85 analyzed invasive cancers. The most common mutation in infiltrating carcinomas was substitution of aspartate for glycine at codon 12 (14%), followed by valine at codon 12 (9%), aspartate at codon 13 (5%), cysteine at codon 12 (4%), arginine at codon 12 (4%), alanine at codon 12 (2%), and serine at codon 12 (1%). In this study, neoplasms with K-ras gene mutations tended to be higher staged (odds ratio, 2.38; P ϭ .06), with lymph node metastases (odds ratio, 1.51; P ϭ .36), but these differences were not significant (31) . K-ras gene status did not correlate with Dpc4 labeling (P ϭ .39).
Correlation of Histologic Type, Dpc4 and K-ras Status, and Survival The 5-year survival rate for patients with resected ampullary carcinoma was 38%, with a median survival of 48 months. Of the clinicopathologic parameters analyzed, only lymph node metastases were associated with significantly shorter survival at 5 years (hazard ratio ϭ 1.69; 95% CI ϭ 1.05-2.70; P ϭ .029; Fig. 2 ). Histologic type did not correlate with survival, nor did primary tumor (T) stage, Dpc4 labeling, or K-ras gene status.
DISCUSSION
Carcinoma of the ampulla of Vater is distinguished from conventional pancreatic ductal adenocarcinoma clinically and pathologically, but the relationship of these tumor types at the genetic level is still being investigated. The majority of ampullary carcinomas have intestinal-type histology, reflecting the contribution of the intestinal epithelium of the papilla to the ampullary lining. Other cases more resemble primary carcinomas of the pancreas and bile ducts and have a pancreaticobiliary type histology. Ampullary carcinoma is less aggressive than pancreatic carcinoma, with lower rates of lymph node metastases and a higher 5-year survival rate (43) .
This study demonstrates an overall 5-year survival rate (after resection) of 38%, similar to the case in previous reports (4) . Among clinicopathologic parameters, survival was affected only by lymph node status. The relationship between survival and lymph node metastasis has been reported previously in ampullary adenocarcinomas (5, 31) Loss of Dpc4 expression was seen in 34% of invasive ampullary carcinomas, a finding similar to that in a report published elsewhere (44) . This rate of DPC4 loss is lower than that seen in invasive pancreatic carcinomas (55%) (13) but higher than that found in colorectal carcinoma (45) . Complete loss of Dpc4 was seen only in invasive ampullary carcinoma, implying that in some cases, DPC4 mutations are implicated in the process of tumor invasion and may represent a late genetic alteration FIGURE 2. Relationship of lymph node status to survival in resected ampullary carcinomas (P ϭ .03).
in tumorigenesis. This model of DPC4 mutation as a late-stage event in tumorigenesis recently has been proposed in pancreatic carcinoma (16) . However, in pancreatic carcinoma, the late-stage precursor lesions (PanIN3) already often show Dpc4 loss.
K-ras gene mutations are less common in invasive ampullary carcinomas (40%) compared with in invasive pancreatic carcinomas (75-95%) (18 -28) . The rate of K-ras gene mutation in ampullary carcinoma is similar to that found in colorectal carcinoma, as is the frequency of different specific mutations (1, 31, 44 -49) . Previously published data showed a high correlation between mutation in ampullary adenomas and in their adjacent infiltrating tumors, suggesting that K-ras gene mutations occur relatively early in carcinogenesis (31) . We were unable to demonstrate a relationship between K-ras mutation and Dpc4 expression in ampullary carcinomas.
The histologic similarity of some ampullary carcinomas (pancreaticobiliary type) to primary tumors of the pancreas raises the possibility that this subset of ampullary carcinomas may be more closely related to pancreatic (or bile duct) carcinomas. However, the failure of Dpc4 expression or K-ras gene status (31) to correlate with the histologic type of ampullary carcinoma does not support the possibility of a closer genetic relationship between pancreaticobiliary type ampullary carcinomas and primary tumors of the pancreas or distal bile duct.
The difference in genotype between ampullary and pancreatic adenocarcinomas may account for some of the observed differences in behavior. Other genetic differences may certainly account for some of this difference as well. Imai and colleagues (50) found that 77.8% of ampullary carcinomas have mutations in the TGF-␤-receptor-II gene (which involves the same pathway as Dpc4). Achille and colleagues (51) showed that microsatellite instability in ampullary tumors was associated with a comparatively good prognosis. This latter group of investigators also showed that mutations in the APC and K-ras genes were present at early stages (adenomas) of ampullary tumors, whereas p53 gene inactivation was associated with progression to malignancy (52) . As APC mutations are not seen in pancreatic ductal adenocarcinomas (53) and in light of the findings in DPC4 and K-ras presented here, those data add credence to the concept that ampullary carcinomas have some significant genetic differences from pancreatic cancers.
Many previous studies have been performed on small numbers of cases, reflecting the relatively infrequency of ampullary carcinomas. Given the potential for surgical cure in ampullary tumors identified at early stages, a rigorous examination of the biological characteristics of the tumors may prove instructive and aid our understanding of tumorigenesis in the region.
